The amino acid sequence of the haemagglutinin of A/equine/Miami/63 (H3N8), the prototype influenza virus of the H3 subtype from horses, is deduced from the nucleotide sequence of virus RNA and compared with the sequences of haemagglutinins of viruses of this subtype isolated from humans [X-31 (H3N2)] and from birds [A/duck/Ukraine/63 (H3Ns)] and with the sequence of the haemagglutinin of A/equine/Fontainebleau/79 (H3N8) a virus isolated from a recent outbreak of equine influenza. The amino acid sequence differences detected are discussed with reference to the structure of the molecules, their antigenicity and antigenic drift in influenza viruses isolated from horses.
INTRODUCTION
Influenza viruses containing haemagglutinins of the H3 subtype were first isolated from horses in 1963 (Waddell et al., 1963) . They were initially placed in the Heq2 subtype and reclassified in 1980 as H 3 on the basis of reactions with hyperimmune sera prepared against other members of this subtype of avian and human origin (WHO memorandum, 1980) . Since 1963, antigenically related viruses have caused outbreaks of influenza in horses in many countries and in 1968 they were shown to be antigenically similar to A/Hong Kong/1/68 (Coleman et al., 1968) , the virus responsible for the Hong Kong influenza pandemic which began that year.
In this paper we report the amino acid sequence of the haemagglutinin of A/equine/ Miami/63, the prototype H 3 virus of horses, deduced from the nucleotide sequence of virus RNA and compare it with the sequences of the haemagglutinins of other prototypes of the H 3 subtype, A/Hong Kong/1/68 and A/duck/Ukraine/63, and a virus recently isolated from horses, A/equine/Fontainebleau/79. These analyses were made to obtain information on the extent of amino acid sequence differences in haemagglutinins of viruses within an immunologically defined subtype; on the process of antigenic drift in a species other than human; on the structural relationship between viruses from horses and the viruses from birds implicated as precursors of the Hong Kong pandemic viruses; and to form the basis of comparative studies of the haemagglutinins of influenza viruses isolated from horses.
METHODS
The four viruses used, X-31 (H3N2) (Kilbourne, 1969) , A/duck/Ukraine/63 (HaNs), A/equine/Miami/63 (H3Ns), and A/equine/Fontainebleau/79 (H3Ns) were from the reference collection of the World Influenza Centre. They were grown in hens' eggs, purified, and RNA was extracted from them by procedures described previously (Hay et al., 1977) . The antigenic relationship between the viruses from horses is described in Hinshaw et al. (1983) .
Nucleotide sequences were determined using the dideoxynucleotide chain-terminating procedure of Sanger et al. (1977) and 5 '-32 P-labelled oligodeoxynucleotide primers of reverse transcription as described before . The primers used to sequence X-31 and A/duck/Ukraine/63 RNA were complementary to nucleotides 5 to 15, 191 to 202, 327 to 336, 519 to 529, 623 to 632, 777 to 786, 1026 to 1035, 1134 to 1144, 1330 lO  20  30  40  50  MKTIIALSYIFCLALGQDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGK  TTI ILLT-H ADSQN TGG N  A  T  T I ILLT-H VDSQN TSG N  A  T I  V  L TF  I   X3I  E/M  E/F  D/U   60  70  80  90  I00  llO  ICNNPHRILDGIDCTLIDALLGDPHCDVFQNETWDLFVERSKAFSNCYPYDVPDYASLRSLVASS  YSG  RN  M  N  Y N  I  S  YSG  RN  M  Y N  I  S  I  I Fang et al., 1981) and were used as control sequences in the experiments reported here. Only two differences were observed from the published X-31 sequence: C instead of G at nucleotide 1460 which leads to the substitution of an aspartic for a glutamic acid and G instead of T at 1529 which is redundant. The sequence of A/duck/Ukraine/63 was exactly as reported. As reported previously, the sequence between nucleotides 113 to 121 was difficult to ascertain for any of these RNAs by the procedure used .
RESULTS

The amino acid sequence of A/equine/Miami/63 haemagglutinin
The deduced amino acid sequence of the haemagglutinin of A/equine/Miami/63 is given in Fig. l . It is very similar to that of X-31 haemagglutinin sequenced in parallel here and reported previously by Verhoeyen et al. (1980) . The primary translation product contains 565 amino acids 15 of which form the amino-terminal, predominantly hydrophobic signal peptide involved in the initial association of the nascent molecule with cellular membranes. By analogy with X-31 haemagglutinin, proteolysis of this precursor to produce HA1 and HAz polypeptide components, 328 and 221 amino acids long respectively, would involve removal of the arginine residue following HAl 328, and the sequence of hydrophobic amino acids between residues 185 and 210 of HA2 would serve to anchor the molecule in the virus membrane. There are eight potential sites for glycosylation of asparagine residues: seven on HA1 at positions 3, 8, 22, 38, 63, 165 and 285 and one on HA2 at 154. Since the asparagine at residue 3 is in the sequence NPT it may not be glycosylated (see Waterfield et al., 1980) . If this is the case then the only differences in glycosylation pattern between this haemagglutinin and that of X-31 is the absence of a carbohydrate attachment site at HA1 81 and the presence of a site at HA1 63. An identical pattern to this has been observed in the haemagglutinins of a number of viruses of the H 3 subtype isolated from humans (e.g. Min .
Comparison of the amino acid sequences of the haemagglutinins of A/equine/Miami/63 and A/equine/Fontainebleau/79
The deduced amino acid sequence of the haemagglutinin of A/equine/Fontainebleau/79, a virus representative of those which caused outbreaks of equine influenza in Europe in 1979 and in the U.S.A. in 1981 is also given in Fig. 1 . The differences in sequence together with summaries of their locations in the three-dimensional structure of X-31 haemagglutinin and possible involvement in antigenicity are listed in Table 1 . There are 19 amino acids different in HAl and six in HA,. In HA1, residues 135, 156, 198 and 199 are known to be recognized by monoclonal antibodies in selected antigenic variants of X-31 virus and are therefore probably involved at least in part in the observed antigenic differences between these viruses (Hinshaw et al., 1983) . Similarly, changes at positions 137 and 242 have been recorded in the haemagglutinins of viruses of this subtype isolated from humans . Of the other changes those at residues 102, 111,252, 253 and 309 of HAl do not involve external amino acids and four of the six different residues in HA, although exposed at the molecular surface are close to the membrane of the virus particle. Consequently these amino acids would probably not influence antibody binding. Fig. 2 and aligned relative to the X-31 haemagglutinin sequence. The precise length of the amino-terminal signal sequence of the A/equine/Miami/63 and the A/equine/Fontainebleau/79 haemagglutinins is not known, and in this region the cysteine at position 12 of the X-31 signal sequence is deleted and indicated by--. The HA1 and HA,. polypeptides for all four haemagglutinins are 328 and 221 residues long respectively and are separated by single arginine residues. Laver & Webster (1973) and Fang et al. (1981) , together with the sequences of the haemagglutinins of the two viruses from horses. Clearly, the haemagglutinins of A/duck/Ukraine/63 and X-31 are the most closely related. Only 15 amino acid differences were detected in their HA1 components and four in HAE, which confirms the results of Fang et al. (1981) . These numbers compare with 41 and 10 differences between the corresponding regions of the haemagglutinins of A/equine/ Miami/63 and X-31. The conclusion of relative relatedness is reinforced when the nucleotide sequences of the genes for the haemagglutinins are compared (Fig. 2) . For the HA1-and HA2-coding regions A/duck/Ukraine/63 RNA differs from X-31 RNA in 93 and 52 positions respectively whereas A/equine/Miami/63 RNA differs from X-31 RNA in 227 and 121 positions. The HA1-and HAz-coding regions of A/duck/Ukraine/63 and A/equine/Miami/63 differ at 220 and 123 nucleotides respectively. The overall sequence homologies between X-31 and A/duck/ Ukraine/63 and X-31 and A/equine/Miami/63 genes for haemagglutinin are 90.4~o and 80~o, and between those of A/duck/Ukraine/63 and A/equine/Miami/63 are 78.5~o.
DISCUSSION
Antigenic drift in influenza viruses isolated from humans involves the selection of mutant viruses with haemagglutinins containing small numbers of amino acid substitutions in antigenically important regions of the molecule, predominantly in the HA1 polypeptide. From the results presented here, a similar process occurs in influenza viruses of equine origin, the only other influenza viruses for which antigenic drift has been reported. 79~ of the amino acid sequence differences detected between A/equine/Miami/63 and A/equine/Fontainebleau/79 G   150  160  170  180  190  200  210  X31 AAC GGAACAC TAGT GAAAACAAT CACAGAT GATCAGATTGAAGT GACTAATG CTACT GAG CTAGTTCAGA 
570 580 590 600 610 620 630 A   640  650  660  670  680  690  700  X3 ] CGAGCACGAACCAAGAACAAACCAGC Finally, although few experiments have been directly concerned with the processes of replication of influenza viruses from horses it has been determined that the binding of these viruses to cells by interaction of the haemagglutinins with sialic acidcontaining glycoconjugates is specific for sialic acid residues in a-2:3 linkage with the penultimate hexose of the oligosaccharide side chain. This difference between both A/equine/Miami/63 and A/equine/Fontainebleau/79 and X-31 virus is also shared by A/duck/Ukraine/63 and in all three cases is associated with a glutamine residue instead of leucine at HA1 226, in agreement with the results of previous studies on receptor binding variants of X-31 virus .
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